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THE SKIN OF PRIMATES. XVII
PHARMACOLOGICAL PROPERTIES OF THE SWEAT GLAND OF LEMUR MOPTGOZ*
M. SAKURAT, M.D.t AND W. MONTAGNA, PH.D4
This study is a part of a program of research
of the comparative morphology, physiology and
pharmacology of the sweat glands of primates.
These studies are together beginning to give us a
new perspective of the phylogeny of these organs
(1, 2, 3). The responses of the sweat glands of
the hand of the Lemur mongoz to pharmacologi-
cal stimulation are the subject of this report.
MATERIALS AND METHODS
The experinients were performed on the hands
of two adult males and two females weighing 1261
to 2374 grn. The pharmacological observations
were made in an ambient temperature of 72 to
80 F. and a relative humidity of 42 to 72%. For a
histological survey of the glands, paraffin sections
of specimens of volar skin fixed in 10% formalin,
were stained with hematoxylin and eosiii. Biopsy
specimens removed from the volar surface of
hands, and from the hairy skin, were treated with
the technic of Koelle and Friedenwald (4) as modi-
fied by Gomori (5), (see Montagna and Ellis, 6)
to demonstrate choliiiesterases.
1. Sweating on the hands
Before beginning the observations, the animals
were injected intramuscularly with 4 mg/kg/of 1-
(1-phenylcyclohexyl) piperdine hydrochloride
sermyl, Parke Davis). A few minutes after the in-
jection the animals became tranquilized. The hand
was extended and fastened gently onto a board
with thread, being careful not to disturb the blood
circulation (Fig. la). The surface of the hand was
wiped clear with absolute alcohol, and then dried.
Sweating was recorded onto pieces of medium
weight typewriting paper, previously immersed
in 5% brornophenol blue dissolved in acetone and
dried. The paper was pressed gently to the skin
surfaces for one minute with a soft plastic sponge.
Sweat drop]ets leave bluish dots on an orange-yel-
lowish background (Fig. b). In some cases sponta-
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neous sweating was tested with the bromphenol
blue method of Wada et al. (7) for visualizing
sweat on black skin.
The drugs used were L-adrenaline chloride
(Parke Davis), mecholyl (acetyl-B-methyl-cho-
line, Merck), and nicotine (K&K Lab.), prepared
in 0.85% saline just before they were used, and
kept in an ice box until they were used. These
drugs were injected intradermally with a 27 gauge
needle in volumes of 0.02 ml. When adrenaline and
mecholyl were used, the imprints of sweat were
recorded at 1, 3, and 5 minutes after the injections
and thereafter at 5 minute intervals. Sweat re-
sponse to nicotine is so quick that printing had
to be made after 30 seconds, 2 minutes and 3J4
minutes. To observe the blocking effect of atro-.
pine sulfate (Mallinckrodt Chemical) and dihy-
droergotamine methanesulfonate (Sandoz), the
tranquilizer was adniinistered in very small doses.
OBSERvATIONS AND COMMENTS
It is appropriate to include here a brief note on
the phylogenetic position of the lemurs, to orient
the reader not fully informed with systematics.
The order Primates is represented by 80 genera
which vary in size, form and habit from the tree
shrews, the most primitive, to man, the most ad-
vanced. The Order is further divided into two
suborders, the Prosimii and the Anthropoidea. In
the Prosimii are grouped the tree shrews, the le-
murs, the lorises and the tarsiers. All of the others,
including man, comprise the Anthropoidea.
Nothing is known about the physiology of the
skin of the lemurs. The results reported herein,
then, are particularly interesting because the ani-
mals have such a low phylogenetic position.
Lemur mon.goz is one of the six species of the
genus Lemur. It is about the size of a small cat,
and has a long tail. Its greyish brown fur is thick
and often matted. Lernurs live only in Madagas-
car.
1. Histology of the Sweat Glands
These animals have eccrine sweat glands only
on the volar surface of the hands and feet; else-
where on the body, only apocrine sweat glands
are present.
The large secretory coils, deep in the subcu-
taneous fatty pads, funnel abruptly into a very
narrow, straight duct. The transition from the
secretory segment is immediate and none of
the coiled part of the gland is duct. The secre-
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Fm. 1. The hand of Leniur mcnqoz fastened on to a board with a shoe lace and the print of spontaneous
sweating on the Fame hand. Sweat spots are printed as blue dots on the orange-yellowish paper treated
with bromphenol blue. This photograph shows a print pressed 3 minutes to show distinct contours.
(X 1)
the secretory epithelium and the hyalin, base-
ment membrane (Fig. (2).
In histochemical preparations, coarse nerves
wound loosely around the secretory coil of the
sweat glands, are intensely reactive for acetyl-
cholinesterase (Fig. 5). One of the two males also
showed coarse granules with butyrylcholinester-
ase granules in its secretory cells, but this was an
exception.
In the hairy skin, one apocrine sweat gland is
associated with each group of hair follicles. The
gland has a long, narrow duct, and a moderately
dilated, simple, secretory coil, lined with cuboidal
or columnar cells (Fig. 3, 4). There are no nerves
around these glands which contain cholinester-
ases. (For a fuller account of the histology and his-
tochemistry of the skin of L. mongoz (see Mon-
tagna and Yun, in press (11).)
2. Sweating Responses in the Hand
Fm. 2. Eccrine sweat glands in hairless skin of
big toe. llematoxylin-eosin staining. 8M section.
(X 485)
tory epithelium consists of large, granular cells,
crowded toward the luminal border, and smaller,
non-glandular cells at the base. A layer of very
large myoepithelial cells is interspersed between
The particular doses of sernyl which were used
to tranquilize these animals completely inhibited
spontaneous sweating. This, then, was a satis-
factory baseline for studying the response to
drugs.
Thirty-eight experiments were performed to
determine the threshold effectiveness of each of
the drugs used.
Except in two cases, adrenaline failed to show
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Fm. 3. One of the typical apocrine sweat glands in hairy skin. Hematoxylin-eosin staining. St section.
(X 165)
Fm. 4. One of the typical apocrine sweat glands in hairy skin. Hematoxylin-eosin staining. St section.
(X 250)Fm. 5. Cholinesterase-containing nerve fibers around eccrine sweat glands in the finger tip. 50z
section. (X 250)
tamed, the effective minimum concentration of
adrenaline was 10 and 10—6.
Responses to mecholyl were relatively constant,
with an effective minimum concentration of 10—6
and 10. When the concentration of the drug
was higher, the duration of sweating was longer
and the blue dots of sweat on the paper were
more intense. When 10—s mecholyl was used,
sweating lasted from 10 to 20 minutes, and when
the concentration was 10—6, sweating lasted from
5 to 10 minutes.
Nicotine always induced profuse sweating, with
a threshold concentration between 10 and 10—6.
This threshold has a very narrow limit; if one
lowers it to a concentration of 10—6 there is no
sweat response. We attempted to see whether or
not nicotine produced an axon reflex sweating,
using the band method of Wada et al. (10). A
sweat response occurred across the band, indicat-
ing that axon reflex sweating had occurred. When
mecholyl was used, no sweating occurred beyond
the barrier.
Atropine in concentrations higher than 10—6
suppressed spontaneous sweating in all cases.
On the other hand, dihydroergotamine meth-
anesulfonate in concentration of 10-a was not ef-
fective in suppressing spontaneous sweating.
Thus, the sweat glands of the volar surface of
the hand of Lemur mongoz are largely cholinergic,
and have a pharmacological behavior similar to
those in the hand of man (8, 9, 10).
3. Sweat Response in Hairy Skin
In 19 observations, spontaneous sweating
barely occurred only on the lower portion of the
belly, and in an area close to inguinal ligament.
Tiny black sweat spots appeared about 30 min-
utes after painting with the iodine, starch-oil
mixture. In areas of greatest sweating there were
20 to 30 black spots per 2 cm2. No spontaneous
sweating occurred in the other areas, even after
30 and 60 minutes. None of these glands re-
sponded to pharmacological stimuli. Concentra-
tion of 10 adrenaline and 10 mecholyl seemed
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to induce some response only in the lower belly,
but the number of sweat spots was so scanty
that one could not be sure that they had not oc-
curred spontaneously. Each sweat spot, whether
spontaneous or induced by drugs, was associated
with a group of hair follicles.
SUMMARY
1. Eccrine sweat glands, present only on the
volar surfaces of the hands and feet, are
surrounded by acetylcholinesterase-containing
nerves.
2. Pharmacologically, the eccrine sweat glands
are mostly cholinergic.
3. Axon reflex sweating can be induced with
1O nicotine.
4. The functional activity and the neurogland-
ular transmission in the eccrine sweat glands of
Lemur mom goz seem to be similar to those of
man.
5. Apocrine sweat glands in the hairy skin are
probably not at all sensitive to sudorific agents.
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